ohmeda: Ohmeda Inc, Ohmeda Drive, PO Box 7550, Madison W1 53707-7550 USA). Data were recorded on a SensorMedic (Sensormedics, Subsidiary of VIASYS Healthcare, 22705 Savi Ranch Parkway, Yorba Linda, California 92867-4645, USA) alpha system. Sleep was staged using the electroencephalogram, electrooculogram, and electromyogram records by standard criteria.
Apnea was defined as a complete cessation of airflow during sleep lasting 10 seconds or longer, and hypopnea as either a major reduction in airflow (eg, > 50%) for 10 seconds or longer or a minor reduction (eg, < 50%) for 10 seconds or longer associated with either an oxygen desaturation of > 3% or an arousal lasting 3 seconds or longer. The apnea-hypopnea index (AHI) was calculated for each patient (the total number of apnea and hypopnea episodes divided by total sleep time in hours). Patients were classified as having SA if the AHI was greater than or equal to 5. 4 
Study Factors
Information on 15 clinical features collected before the night of sleep study was considered. Eight of them, including age, sex, body mass index (BMI), smoking, alcohol consumption, hypertension, diabetes mellitus, and nasal symptoms were recorded as part of a standardized questionnaire administered with the history and physical examination. The rest, including history of snoring, stopping breathing during sleep, choking, waking up refreshed, leg kicking during sleep, accident due to sleepiness, and excessive day time sleepiness as reflected by the Epworth Sleepiness Scale (ESS) score were assessed using a 34-item selfreport questionnaire developed by the Newcastle Sleep Disorders Centre.
Statistical Analysis
Data were entered into a Microsoft Access database (Microsoft Corporation USA). The quality of the data was checked and validated before analysis. Duplicate records were also checked, and only the initial diagnostic study was kept. The 2 data sets, derivation and validation, were also independent.
Mean and SD or median and range were used to describe continuous data, and frequency and percentage were used for categorical data. Independent t tests (or Mann-Whitney test) and χ 2 (or exact test) were used to compare characteristics between SA and non-SA groups for continuous and categorical data, respectively.
All fifteen variables were considered in univariate analysis. Age was categorized into 4 groups: < 30 years, 30 to 44 years, 45 to 59 years, and 60 years or more. Sex was classified as male or female. BMI was categorized into 4 groups: < 25, 25 to 29.9, 30 to 39.9, and 40 or more kg/m 2 . Snoring, stopping breathing during sleep, choking, accident due to sleepiness, alcohol consumption, hypertension, diabetes mellitus, and nasal symptoms were classified as yes or no. Smoking was classified as current smoker, exsmoker, and nonsmoker. Waking up refreshed and leg kicking during sleep were classified as yes, sometimes, or no. The ESS score was considered as a continuous variable. Variables whose P values were less than .20 in the univariate analysis were simultaneously considered in the multivariate analysis. Multiple logistic regression analysis was used to construct a model with SA as the dependent variable. The likelihood ratio (LR) test with backward elimination was used to select the most parsimonious model. 13 Model goodness of fit was also assessed using χ 2 test. 14 Receiver operating characteristic (ROC) curve analysis was then used to assess model predictability and to simplify the model. 15, 16 Each variable was omitted from the full model, and an area under curve (AUC) was estimated. The AUC of the full model was compared to the AUC of the model omitting each variable using an algorithm suggested by DeLong. 15 If the models were not significantly different, ie, they were similar in explaining SA, the variable was dropped from the full model.
Coefficients from the final model were used to create a scoring scheme. 17 Individuals were allocated the coefficient relevant for their risk factors and then summed to obtain a total score. Total score was trichotomized into a low-, moderate-, and high-risk category. To assess accuracy of the prioritization rule, the scores were applied to the validation data set. 18 Each patient's score was calculated according to the scoring scheme. The AUC of the validation data was compared to the AUC of the derivation data. 16 All analyses were performed using STATA version 7.0. 19 A P value less than .05 was considered statistically significant.
RESULTS

Derivation Phase
There were 945 consecutive patients who were at least 18 years and had initial diagnostic PSG performed between February 2001 and December 2002. Of these, 108 patients had at least 1 variable missing, and therefore 837 patients were included in the analysis. Two hundred and sixty-eight patients (32%) were classified as non-SA (AHI < 5), and 569 patients (68%) were classified as SA (AHI ≥ 5). Characteristics of both groups are described in Table  1 . Of the SA group, 194 (34%) were found to have mild SA (≥ 5 AHI < 15), 147 (26%) to have moderate SA (≥ 15 AHI < 30), and 228 (40%) to have severe SA (AHI ≥ 30). The mean age of the SA group was significantly higher than the mean age of the non-SA group (mean = 53 [SD = 13] and 43 [SD = 15], respectively). Most SA patients were men (78%), whereas more than half of non-SA patients were women (53%). Approximately 90% of SA patients were overweight (BMI > 25 kg/m 2 ), compared to approximately 70% of non-SA patients. Four hundred and eighty-eight patients (86%) in the SA group snored, compared to only 149 patients (56%) in the non-SA group. The proportion that stopped breathing during sleep was about twice as high in the SA group as in non-SA group: 395 (70%) versus 93 (35%). Choking sensation was reported by 444 patients (78%) and 179 patients (67%) in the SA and non-SA groups, respectively. Daytime sleepiness was assessed using the ESS, and median ESS scores were similar between groups. Risk behaviors such as smoking and alcohol consumption were similar between groups. For medical conditions, only hypertension was significantly higher in the SA group.
Univariate analysis showed that 4 variables, including leg kicking during sleep, smoking, alcohol consumption, and nasal problems had P values greater than .20 (see Table 1 ) and were not considered in the multiple logistic regression in the following step. The remaining 11 variables (age, sex, snoring, stopping breathing, choking, waking up refreshed, accidents, hypertension, diabetic mellitus, ESS score, and BMI) were included in multiple logistic regression; using the LR test with backward step-wise elimination, only age, sex, BMI, snoring, and stopping breathing were kept. The χ 2 test demonstrated a good fit with the data (χ 2 = 118.4, df = 100, P = .102).
The coefficients, odds ratios and their corresponding 95% confidence intervals (CI) were estimated ( Table 2) . We found a doseresponse relationship between age and SA, ie, as age increased, the odds of having SA increased; patients aged 30 to 44 years, 45 to 59 years, and 60 years or greater had odds of 2.7 (95% CI: 1. From ROC curve analysis, the AUC of this model was 0.809. To simplify the model, each variable was omitted 1 by 1, and the AUC was simultaneously estimated. The AUCs of each model after 1 variable was omitted were compared to the full model. Snoring was the only variable that could be omitted from the full model without causing statistically significant reduction in the AUC. However, most previous studies have shown that snoring is highly associated with SA; therefore, we decided to keep this variable in the model.
The scoring scheme was developed, as in Table 3 , using estimated coefficients of the 5 significant variables described in Table 2 . These scores were summed and used to stratify the posttest probability into 3 categories, which were low (score < 2.5), moderate (score between 2.5 and < 4.2), and high (score ≥ 4.2) risk (Table 4) . Of 837 patients, 86 (10%) were categorized into the low-risk group, and 8% in this group were diagnosed with SA on PSG. One hundred and seventy-seven patients (21%) were classified into the moderate-risk group, and 51% of these had SA. Most patients, 574 (69%), were classified in the highrisk group, and 82% of them had SA. An illustrative example of using the scheme is as follows: A man, aged 50 years, with a BMI of 41 kg/m 2 and who had ever snored and stopped breathing while sleeping, would be scored as 1.1 + 1.5 + 2.2 + 0.9 + 0.9 = 6.6; this is categorized as a high risk of having SA. The scoring scheme has been converted into 2 color-coded tables for ease of use ( Figure 1 ).
Validation Phase
Data from 243 patients were used in the validation phase. The mean age in this group was 51 years (SD = 14); 153 (63%) patients were men, and the mean BMI was 32.8 kg/m 2 (SD = 7.0). One hundred eighty-five (76%) patients snored and 138 (57%) stopped breathing while sleeping.
Scores for each patient were calculated according to the scoring scheme (Table 3 ), and the AUC was then estimated. The AUC of the validation phase was 0.789, which was not statistically significantly different from the AUC of the derivation phase, 0.809 (P = .612). As shown in Table 4 , 21 patients (9%) were classified in the low-risk group, and none of them actually had SA; 58 patients (24%) were classified in the moderate-risk group, and nearly 60% were diagnosed with SA; while most patients, 164 (68%) were classified into the high-risk group, in which 86% had SA.
DISCUSSION
Our study found that 5 variables were able to predict suspected SA in patients in the derivation phase. The model had a good predictability (AUC ~ 0.8) in both a derivation and a validation set. This model can be used as both a scoring scheme or colorcoded tables for easy clinical application.
Comparison of Predictive Factors
Many studies defining predictive factors for SA have been reported previously. [6] [7] [8] [9] [10] [11] [12] [20] [21] [22] [23] [24] It is interesting that snoring was the least predictive factor in our model and could have been dropped without significant loss of prediction power. This may reflect the fact that the majority of our patients (76%) had histories of snoring. It is also worth noting that the ESS score also dropped out, supporting the view that sleepiness and apnea are perhaps 2 different axes within sleep-disordered breathing, and sleepiness also depends on the ability of each person to chronologically adjust himself or herself to different levels of external stimuli. This might also be due to the fact that we were dealing with a population that was mostly referred because of sleepiness. The fact that the 5 predictive variables in our study did not differ from previous studies reflects that these predictive factors are robust and enhances the generalizability of the rule to other sleep centers.
Comparisons with Previous Models
A basic principle for clinical-decision rule construction is that the scores should be easy to use and easy to calculate. [25] [26] [27] A morphometric model 11 that was reported to have a 98% sensitivity and 100% specificity was based on a series of complicated measurements and was derived on only 30 people. Four of the 12 previous studies have not report a regression equation. 20, 21, 23, 24 Others have reported a regression model but did not simplify this to a point score or provide any suggestions about interpretation of probabilities. 6, 12, 23 Some models included factors that may be difficult to measure accurately; for example Hoffstein et al have reported that the result of a pharyngeal examination (normal or abnormal) is a significant predictive factor for SA. 20 However, the subjective nature of this may lead to less measurement reliability.
A second principle is that models should be based on a "reference" or "gold" standard and should be validated. 18 Validation can be performed in either the same setting, called internal validation, or a different setting, called external validation. Many of the previous studies 7, 10, [20] [21] [22] [23] [24] have not been validated, and thus applying those results is still questionable. Another study was based on the inappropriate reference standard of number of dips in arterial oxygen saturation of more than 4% per hour of study rather than AHI. 21 A third principle is that a clinical decision rule that will be used for screening, as opposed to diagnostic, purposes should aim to have high sensitivity rather than high specificity so as to avoid missing cases, ie, aim to have few false negatives. To this end, a liberal threshold should be picked for the reference standard, ie, AHI ≥ 5. Previous studies have used more-stringent AHI cutoff points (10, 15, 20, and 30) . Only 2 of 12 previous studies have used the same cutoff as we did (AHI ≥ 5), 9,11 which was recommended by an international task force on standardization of definitions for sleep-related breathing disorders to separate normal patients from those with mild SA. 4 This lower cutoff resulted in higher prevalence rates of SA and a higher sensitivity of our prediction score.
An additional consideration is that appropriate analyses be undertaken, particularly with regard to selection of variables for inclusion in the models and the problem of multicollinearity. Neck circumference, waist to hip ratio, and BMI have been assessed simultaneously and included in the models in some studies. 10, 24 Although many studies have focused on upper-body fat distribution as the critical obesity parameter in sleep-disordered breathing, Young et al found that when using an AHI cutoff point of 15, only BMI and neck circumference had independent effects and excess BMI is an important predictor of sleepdisordered breathing. 24 However, these variables should not be included in the same model since they are highly associated and may cause multicollinearity. This will result in errors in estimation of coefficients and their standard errors. 14 
Advantages and Disadvantages of this Model
Our model has many advantages. It is derived from a larger number of observations than any other study except one. 24 We included mainly objective clinical or easily obtained historical factors in the model. We also limited ourselves to factors available at the first consultation, unlike some other models that include overnight oximetry results. 9, 22, 23 We used a low AHI threshold, which maximized sensitivity. This study also converted the regression equation into a scoring scheme and then into color-coded tables for ease of use clinically. It is able to provide useful information to physicians for prioritization of sleep studies in up to 78% of patients, ie, 10% are assigned lower and 68% are assigned high priority. It was also validated on an independent group of consecutive patients. Converting these results into positive LR yields 0, 0.5 to 0.6, and 2.2 to 2.6 for low-, moderate-, and high-risk groups, respectively. This implies that a highrisk categorization more than doubles the patient's chance of having SA, and a low-risk categorization virtually eliminates it. This will help reduce the cost of unnecessary PSG and reduce waiting lists. 28 The biggest caveat in our study is the selection process for those undergoing PSG. In our center, every patient is seen by an experienced sleep physician who judges whether the patient should proceed to PSG. This is reflected in the fact that a high percentage of patients overall in this study had SA (68%), a figure indicating that low-risk patients had already been weeded out.
The LR is usually transferable across different settings provided that the spectrum of competing diseases is similar. Since this is sometimes difficult to gauge empirically, we would advise that the rule be validated for use in other settings (eg, primary care clinic, or for screening).
Analysis using more than one cutoff point might also be useful. Instead of 2 groups of outcome, the AHI might be categorized into 3 groups, < 5, 5 to < 15, and ≥ 15. In the future, polytomous logistic regression may need to be used for constructing a model that predicts 3 groups of outcome. In conclusion, a clinical decision rule incorporating age, sex, BMI, snoring, and stopping breathing was able to classify the risk of SA. This will be useful for prioritizing patients with suspected SA who are on waiting lists for PSG.
